Our subject has been the theme of very many contributions to otology, and upon it great industry, ability, and learning have been expended, especially by our German and Austrian confreres. Very divergent opinions have been held as to the comparative value and significance of the various tests employed. Some authorities are doubtful as to whether they materially facilitate our diagnosis. Of course we all admit that they have their limitations, and that in their application there are difficulties, apparent contradictions and possible fallacies, but withal they are still, I believe, capable of yielding valuable information and settling a doubtful diagnosis. I shall first refer to a few of the limitations and difficulties.
There is the limitation of age. We all know that, owing to changes in the cranial bones and in the auditory nerve, the intensity of boneconduction diminishes in advancing years, and therefore these tests are largely inapplicable in patients over 55 years. This excludes a large number of patients. From my recorded testings, bone-conduction predominates over air-conduction in about twice as many patients under 30 years of age as over 50 years. I have found, however, that Weber's test gives reliable results in elderly people.
There is the difficulty of getting accurate replies, especially from patients who are uneducated and of only moderate intelligence. For example, we cannot always trust to the accuracy of a patient's statement as to the exact moment at which a sounding tuning fork ceases to be heard, either by bone-conduction or by air-conduction. This is sometimes difficult even in the case of a quite observant and intelligent patient. We have only to try it upon ourselves to appreciate the difficulty.
Then there is the time and patience required, which some of us may not possess, to carry out a satisfactory examination and to make the necessary verifications. We all know how absolutely necessary it is that these testings should have sufficient time given to them, and some have said in their haste that the results are hardly commensurate with the time and trouble expended. Certainly as one occasionally sees them carried out in noisy dispensary practice, hurriedly and perfunctorily, one feels that but little reliance can be placed upon the results.
There is the well-known difficulty, in connexion with Weber's test, of getting the patient to rid himself of the belief that he must necessarily hear the sound of the tuning fork more strongly on the normal or better side. While in some patients we get a prompt and correct reply, though it may be opposed to his preconceptions of what should be, in others much explanation and patience are necessary to get him to understand that he may hear the tuning fork better on the affected side; but as a rule we ultimately get at the truth.
There is the difficulty of one test apparently contradicting or conflicting with another, such as Weber's test conflicting with Rinne's, or a low tuning fork giving a different result from a higher one.
Once more we have the undoubted experience of all observers that objective examination may show clear signs of middle-ear disease, and yet Rinne's test may be positive, or, on the other hand, though more seldom, there may be indubitable proof of nerve disease, while Rinne's test yields a negative result.
The tests most commonly employed in everyday practice are Weber's, Schwabach's, and Rinne's; less commonly Gelle's, Bing's, and Barany's. I shall not take up your time with the watch test, to which the older otologists pretty much limited themselves in testing bone-conduction, and which is not to be entirely despised. It is no doubt a handy test, only suitable, however, when the deafness is very marked, otherwise it is heard by air-conduction, as well as bone-conduction, which vitiates the result. It is usually advised that the ears be closed during the testing; this, however, by increasing the bone-conduction, would also vitiate the result. It may be said that if a moderately low ticking watch is perceived by bone-conduction, where there is marked speech. deafness, it is a favourable indication as to the state of the nerve structures. The opposite need not, however, be regarded in itself as necessarily unfavourable.
In carrying out these tests, however, the tuning forkis now universally employed. As a routine I am in the habit of limiting myself to two tuning forks, a low one (C, 128 vs.) and a higher one (C', 256 vs.), the over-tones being abolished by means of suitable clamps. The end of the handle should be flat, so as to rest evenly on the bone; the handle should not be in contact with the auricle. The pressure on the bone should be uniform and not too strong-strong pressure will prolong the sound as compared with light pressure. The fork should not be sounded too loudly, so as to avoid wearying the auditory nerve by the too prolonged excitation.
WEBER'S TEST. This is probably the oldest method of testing by bone-conduction, and must be regarded as a test of undoubted value in unilateral deafness, or when one side is markedly worse than the other. Some authorities, such as Politzer, regard it as the most reliable of all the tests. If the low tuning fork, applied to the middle line of the head (I prefer the chin), is unhesitatingly stated by the patient to be heard more loudly, or it may be exclusively, resonating on the deaf side, there are, I think, very few exceptions to the rule that there is some form of obstruiction or disease in the sound-conducting apparatus. There may, however, be a co-existent nerve defect, so that Rinne's test may be at the same time positive. For example, exudative conditions, without perforation, almost always show, by Weber's test, lateralization to the affected side, while they may, and fairly often do, give a positive result by Rinne. I found in thirteen of such cases Weber was referred to the deafer. ear in every case, while in four of them Rinne was positive. So in twenty-five cases of cerumninous collection, Weber's test was referred to the deafer side in every one, where this test was applicable, while in twelve of them the result of Rinne was positive.
If the contrary effect be found, the sound being referred to the nonor less affected ear, we have good ground for excluding an obstruction in the sound-conducting media and for suspecting a nerve affection, provided we take sufficient time and trouble to ensure that the patient's statement is to be accepted. If this contradicts Rinne's test, I prefer to accept Weber, as in the following case: An intelligent patient was successfully operated upon for labyrinthine disease. In one ear the hearing was such that only loudly spoken words into the concha were understood. The opposite ear was perfectly normal; with Weber's test, repeatedly verified, there was lateralization to the normal side. Rinne's test, however, with both tuning forks, yielded a distinctly negative result on the affected side. I accepted Weber's test as the true guide, the negative Rinne being probably due to bone-conduction in the normal ear.
In bilateral deafness, the one ear, however, being less affected than the other, the patient is usually unable to speak so positively as in purely unilateral; he has difficulty in immediately deciding on which side he hears the fork better, and nmay end by saying it is the same on both sides. Even in such cases, however, if an intelligent patient is confident that the tuning fork resonates in the better ear, a nerve affection is to be suspected, and this is strengthened if high and low tuning forks agree.
SCHWABACH'S TEST.
This probably is the simplest of the tests and often yields valuable information. We note the time during which a vibrating tuning fork is heard, when applied to the cranial bones, such as the vertex or base of the mastoid, on a person having defective hearing, and then compare it with one who has normal hearing, both being approximately the same age. This last condition is very important, as were we to compare the bone-conduction of an elderly person with one much younger the results would be quite unreliable.
The longer the tuning fork is perceived by the bone, in comparison with a normally hearing person, the more certainly may it be inferred that the sound-conducting structures are involved and that we may exclude impairment of the nerve structures; a comparatively short duration is not so conclusive in itself, but suggests nerve impairment. In my experience defective bone-conduction in young people, who have pronounced speech deafness, has always a sinister meaning.
As opposed to Weber's test, Schwabach's is most suitable in bilateral deafness. In unilateral deafness, or when one ear is very much better than the other, the results are usually rendered unreliable owing to the difficulty of eliminating the effect of the good or better ear in increasing the sound; if, however, there is a weak bone-conduction it is significant. Occluding the good ear would confuse matters, as, unlike what takes place by air-conduction, it would intensify the sound.
RINNE'S TEST.
This test was introduced by Rinne in 1855, but received little attention till Lucae resuscitated it in 1880. In Rinne's test I employ both tuning forks; the low fork sounds longer by bone and shorter by air-conduction than the higher one. This is no doubt accounted for by the fact that, in disease of the sound-conducting structures, low notes are heard badly by air-conduction, and therefore a negative result is more likely with the low fork than with the high one. I feel more assured, however, if the high fork agrees with the lower one.
In drawing our conclusion from Rinne's test, we must keep in mind that the tone should be heard twice as long by air-conduction as by bone-conduction, and that therefore a negative result means much more than at first sight appears; so likewise a shortened positive should be considered in the light of the normal condition. It may be broadly stated that in negative Rinne, the longer the osseous hearing continues after the aerial hearing has ceased, the more likely is the diagnosis that of disease of the conducting media; so in positive Rinne the longer the aerial hearing continues after the osseous hearing has ceased, the more likely may the case by regarded as one of nerve deafness. Again, it may be said that, if there is a prolonged negative result with the higher tuning fork, the greater is the likelihood of an affection of the conducting media, while, on the other hand, if there be a prolonged positive result with the lower tuning fork, the diagnosis of a nerve affection is strengthened. We have, therefore, not only to determine the fact of increased bone-conduction or of increased air-conduction, but we have to determine the amnount of increase or decrease, and this has to be done by careful measureinent with the watch, recorded in seconds. When we consider that aerial hearing should be twice as prolonged as osseous, equality-that is, when it is neither positive nor negative-is in favour of disease of the conducting structures. Of course in the routine of daily work accurate measurements with the watch cannot be carried out in every case, but where exhaustive examination is required these are necessary.
The diagnostic importance of the negative result of Rinne's experiment, especially in its bearing upon the presence of fixation of the conducting structures, has been anatomically confirmed by post-mortem examination by Lucae, Politzer, Bezold, Hartmann and Siebennmann.
Dr. Alfred Denker, in his "Die Otosklerose," has gathered together twenty-seven cases in which anatomico-pathological examination after death supplemented careful -clinical observations during life. These cases yield important information, both macroscopic and microscopic, confirmatory of the value of Rinne's, Weber's and Schwabach's tests. Into this department, however, I cannot extend my observations.
Rinne's test, like Schwabach's, is generally unsuitable in purely unilateral cases, because if there be good hearing in one ear the boneconduction of the healthy side cannot be excluded and preponderates over the remnants of air-conduction in the diseased ear, although it be a nerve affection. It is also unsuitable where the hearing is but slightly impaired, as in such a case there is likely to be a positive result, even in the disease of the conducting structures. Probably Lucae is correct in saying that this test is only of diagnostic value when the hearing distance for whispering has decreased to one metre.
There is no doubt that Rinne is not infrequently found to be positive when, from objective examination or the results of other tests, we should expect it to be negative. This is, I believe, often due to the co-existence of nerve impairment with disease of the conducting structures. There may be a concomitant nerve affection; but we must also remember that many of the conditions of civilized life tend to impair the nerve of hearing. For example, there is the great use of such medicines as quinine and the salicylates; and there is the frequent presence of specific disease. But probably the most common cause of nerve impairment is the frequency with which people work and live amidst noisy surroundings, in workshops, on the streets, and even at home; noises prevail in modern civilized communities as they have never done before. In these ways the exquisitely delicate nerve structures of the cochlea are frequently more or less permanently damaged. In my clinic at the Western Infirmary, Glasgow, many of the patients are riveters,. boilermakers, engineers and others working amidst very noisy surroundings, in connexion with the great Clyde shipbuilding industry, which is carried on in the neighbourhood. We find in these patients, almost always, defective bone-conduction, and Rinne's test is positive even when there is also very evident external or middle ear disease. I examined the hearing of 100 boilermakers, without selection, and in each man I also employed Rinne's test with a, C tuning fork. Not one of them had normal hearing as tested by speech and the watch. In some the deafness was extreme. They nearly all had very bad bone-conduction. In 90 of the 100 Rinne's test yielded a very positive result, defective bone-conduction was shown by Schwabach's test in every one, while the watch applied to the cranial bones was only heard by thirteen men. It is interesting to observe, when such men come to the dispensary with aggravation of the deafness, owing frequently to a ceruminous obstruction or to a tyimpanic catarrh, how rarely we find a negative Rinne. I notice, however, that when the plug of cerumen or the tympanic catarrh is one-sided, Weber's test is usually lateralized to the affected side, although Rinne's test is positive.
It is remarkable how generally a negative result is found in purulent disease of the middle ear. Of 170 ears, representing all forms of ear disease, taken. consecutively, tested by the low tuning fork, a negative result was found in 63 per cent. On the other hand, of the purulent cases alone, by which I mean cases with partial destruction of the tympanic membrane, both in the secreting and non-secreting stage, I found a remarkable preponderance of bone-conduction, there being a negative result in 98 per cent. This has been confirmed by further testing both with high and low forks. It compares with 43 per cent. of negative results in cases of chronic adhesive catarrh, and 52 per cent.
in cases of ceruminous obstruction; iet the latter, however, by Weber's test, the fork always resounded in the worst ear.
I observed in these purulent cases not only increased perception by bone-conduction, but also comparatively decreased perception of the tuning fork by air-conduction. Take, for example, two patients-one with chronic adhesive catarrh, the other with chronic purulent middleear inflammation. In the purulent case, hearing for speech and the watch was fairly good, while the tuning fork, by air-conduction, was heard very badly; in the case of adhesive catarrh, the hearing for speech and the watch was very poor (much worse than in the other), yet the tuning fork, by air-conduction, was heard twenty seconds longer. In these cases, therefore, the fork is heard badly by air-conduction, not merely in relation to the bone, but compared with air-conduction in an ear which may have equal or worse hearing for speech or the watch. We should, therefore, ascertain how much the air-conduction with the fork is reduced, in comparison with a normal ear, or with an ear whose hearing for speech is still more seriously impaired.
By Gelle's test we produce an artificial labyrinthine disturbance -by condensing the air in the meatus, so that the foot-piece of the stapes shall press unduly upon the fluid of the labyrinth. This is an interesting but a troublesome test, the difficulty here being even greater than in the other tests of getting reliable information from the patient, especially as to the presence or absence of a temporary weakening of the tuning fork sound. In the more severe forms of deafness this test may be useful; even in these, however, a positive result is not constant. In the slighter forms of hearing defect it is untrustworthy. I have found Bairany's method, with a T-shaped rubber tube, an advantage in carrying out the test, as, by it, the condensation and rarefaction of the air in the meatus are more efficiently effected.
Bing's is a useful supplementary test. If after the fork, applied to the mastoid, has ceased to be heard, the sound returns when the meatus is stopped with the finger, we may infer, if supported by other tests, a nerve affection, otherwise it would strengthen the view of an affection of the conducting media.
Bdrany's new tuning fork tests are described in a paper by the late E. Cresswell Baber,1 probably the last contribution made to otology by our lamented friend. Barany compares mastoid conduction with conduction through the cartilage of the a,uricle, with or without the help of an auscultation tube. Cartilaginous conduction seems to respond to tuning fork tests somewhat similarly to aerial conduction in Rinne's test. I can only speak from a very limited experience of BarAny's tests. Apparently in some of those cases where Rinne's test seems to conflict with Weber's, the former being positive when Weber's test shows lateralization to the affected ear, Barany's test yields a negative result, thus supporting Weber and pointing to predominant disease of the conducting media. Birany holds that his methods gi've a more reliable result than Rinne's. However, a much larger experience by many observers will be necessary before deciding as to whether they are superior to Rinne's test.
In reviewing these various tests, we have to remember that in practice we have to deal with mixed affections, so that there often exists in the one person simultaneous affections of the conducting structures and of the nerve structures, the affections of the one region (in its influence on the bone-conduction) tending to counterbalance, partially or wholly, that of the other region. While negative Rinne in a deaf person does not necessarily entirely exclude mischief in the nerve structures, but may simply indicate that there exists in the conducting structures a condition that is sufficient to more than counterbalance, in regard to the bone-conduction, the effects of the nerve disease; so a positive Rinne does not necessarily exclude disease of the conducting structures, but may simply mean that there exists in the. nerve structures a condition which more than counterbalances the effects of the mischief in the conducting structures. In these mixed conditions, it is specially important not only to determine whether Rinne be positive or negative, but to find the extent of the positive or the extent of the negative, as measured in seconds.
We have to admit that these tests have their limitations, that each taken by itself may not be convincing, but this can be said in regard to most tests applied to determine the state of the function of an organ. Such tests have usually to be supplemented or strengthened by others. When Bezold's trio-Schwabach's, Weber's and Rinne's-agree, showing that osseous hearing is in excess, we are on safe ground, the diagnosis admits of little doubt. In more doubtful cases qualitative testing by means of tuning forks and Galton's whistle will in many cases aid greatly in the diagnosis. Finally, we would properly and naturally consider all these tests, not only in relation to one another, but also in connexion with the symptoms, subjective and objective, of the patient, and such factors as the history, setiology, and results of treatment. In these ways we shall generally be able to arrive at a fairly accurate diagnosis.
In conclusion, might I suggest that a reliable and simple formula for recording the results of hearing tests-both by air-and bone-conduction -is still a desideratum. The most recent authoritative formula, that presented by the International Otological Congress held in Budapest in 1909, has not, I think, the merit of simplicity. At least I found it a difficult bit of work to unravel it. We want a more simple method, one which can be easily followed and remembered, not only by the specialist, but by the physician or surgeon. Such a formula would be specially useful in the work of a general hospital, when we are called on to report cases in the wards, and when a post-mortem inay be looming. We want a formula not only understandable by the specialists but also by the ordinary house surgeon and the visiting surgeon and physician. Could not this Section try its hand at this and appoint a committee to carry it out?
Allow me to thank the Council for the honour of being one of the openers of to-day's discussion. I am afraid I cannot pretend to have placed before you anything with which you are not already familiar. I can only hope to have offered you material, culled pretty much from my own clinical experience, which may help in eliciting profitable discussion. I shall leave the more abstruse problems of hearing to m-y colleague, Mr. Sydney Scott, who is so well qualified to deal with them in the true scientific spirit.
